Soluble extracts from several regions of the mouse brain manifested regionally specific protein band patterns on polyacrylamide gel electrophoresis. In particular, one protein band appeared to occur uniquely in the olfactory bulb extracts where it was a quantitatively significant constituent of the soluble protein extract. This protein was purified to homogeneity by ammoniuma-sulfate precipitation, DEAE-cellulose column chromatography, and polyacrylamide gel electrophoresis. The purified protein has a minimum molecular weight of about 20,000 by gel electrophoresis in the presence of sodium dodecyl sulfate. Precipitating The heterogeneity of cell types in the nervous system has been a major hindrance to studies attempting to correlate biochemistry and function in this tissue. To facilitate biochemical investigations into the functioning of specific cell types and of cell-cell interactions, a search was begun for protein markers characteristic of individual cell types and functional pathways. Although several proteins have been isolated that occur exclusively in nervous tissue (1-4), less attention has been paid to proteins restricted to specific brain regions (5).
1% of the total soluble protein in the mouse olfactory bulb. Soluble extracts of olfactory bulbs from several rodent species gave reactions of identity by agar gel diffusion with the antiserum to the mouse protein. It is suggested that this protein is an example of selective genetic expression within the central nervous system.
The heterogeneity of cell types in the nervous system has been a major hindrance to studies attempting to correlate biochemistry and function in this tissue. To facilitate biochemical investigations into the functioning of specific cell types and of cell-cell interactions, a search was begun for protein markers characteristic of individual cell types and functional pathways. Although several proteins have been isolated that occur exclusively in nervous tissue (1) (2) (3) (4) , less attention has been paid to proteins restricted to specific brain regions (5) .
The olfactory bulb is a region of high cell density (6) manifesting postnatal neurogenesis (6) and is the site of the primary synapse from the olfactory receptor cells (7) . The region has been proposed as a neurophysiological model system (8) and is known to be involved in modulating several behavioral parameters (9, 10) . Clearly, a protein marker unique to this brain region would be of great value as a probe of the molecular mechanisms of neural function.
This report describes the detection and isolation of a protein that occurs exclusively in the olfactory bulb. *
MATERIALS AND METHODS
Retired-breeder mice of both sexes were obtained from Carworth-Farms. Other animals were obtained from local breeders. All animals were maintained on granular cellulose bedding with access to Purina Lab Chow and water ad libitum. All animals were killed by CO2 asphyxiation and exsanguinated; tissues were then removed, frozen on dry ice, and homogenized in [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] volumes of 10-3 M EDTA-Tris (pH 7.5). The supernatant resulting from centrifugation for 1 hr at 100,000 X g was the standard extract.
Polyacrylamide gel electrophoresis was performed at room temperature with the discontinuous buffer system of Davis (11) . The gels were formed in tubes of 6 Weber and Osborne (15) . Proteins for use as molecular weight standards were purchased from Mann Research Labs and were: bovine serum albumin, molecular weight 67,000; bovine pancreas chymotrypsinogen A, molecular weight 25,700; and sperm whale myoglobin, molecular weight 17,800.
Acrylamide (electrophoretic grade), N,N'-methylene bisacrylamide and 1-anilino-niapthalene-8-sulfonate were purchased from Eastman. Before use, the latter compound was dissolved in warm water and salted out with ammonium sulfate repeatedly in order to remove dark pigmented materials.
RESULTS
Extracts of soluble brain proteins were examined by polyacrylamide gel electrophoresis (11 1) . A major protein band was observed in extracts of mouse olfactory bulb, which was apparently absent from all other brain regions studied. This specific protein is present as a much darker staining band than is the brain specific S-100 protein (1), which is barely visible near the bottom of the gel. When the stained gels were scanned in a Gilford recording spectrophotometer, about 0.5% of the total observed optical density was localized in the peak of this mouse olfactory bulb (MOB) protein.
With the unique polyacrylamide gel electrophoretic pattern as an assay, the MOB protein was purified to near homogeneity by ammonium sulfate precipitation and DEAEcellulose column chromatography of soluble extracts of pooled mouse olfactory bulbs. Aliquots of this highly purified protein (Fig. 2) were electrophoresed on polyacrylamide gels and used to produce specific precipitating antibodies (see Methods). In immunodiffusion studies, this antiserum produced a single strong precipitin band against extracts of mouse olfactory bulb but not against extracts of liver, adrenal, cerebellum, cerebral cortex, or harderian gland (Fig. 3) through the column. The column was then eluted stepwise with 40 ml of buffer, three 20-ml portions of 0.05 M NaCl, five 10-ml portions of 0.075 M NaCl, and one 10-ml portion of 1 M NaCl, all in the phosphate buffer.
At least one-third of the protein applied to the DEAEcellulose column does not bind from 0.01 M sodium phosphate (pH 7.7) and washes off under these conditions (Fig. 4) . However, the MOB protein is sufficiently tightly bound so that the column can be washed extensively with 0.05 M NaCI before its elution at 0.075 M NaCl. After dialysis against 10-3 M EDTA-Tris (pH 7.5), aliquots from the various stages in the purification procedure were evaluated for total protein and for the amount of MOB protein by the quantitative immunoprecipitin assay ( Table 2 ). The MOB protein eluted from DEAE-cellulose between 220-230 ml has been purified 78-fold over the initial extract and, on gel electrophoresis, it was 70% pure based on relative staining intensity. Purification to homogeneity would thus require a total purification of 112-fold, indicating that this specific protein represents about 0.9% of the total soluble protein of this brain region. For estimation of the minimium molecular weight of the MOB protein, a sample of pure protein eluted from polyacrylamide gel electrophoresis was electrophoresed in the presence of sodium dodecyl sulfate. The purified olfactory bulb protein migrates as a single band (Fig. 5 ) between chymotrypsinogen A (molecular weight, 25,700) and myglobin (molecular weight, 17,800). Thus, the minimum molecular weight of the MOB protein is about 20,000.
For quantitative information about the tissue distribution of this protein in the mouse, quantitative immunoprecipitin titrations of various extracts were compared.
Titration curves of soluble extracts of olfactory bulbs and of the highly purified protein in the presence and absence of cerebellum extract are very similar (Fig. 6) . A rapid linear rise in the region of antibody excess is followed by a broad plateau at the equivalence zone. In contrast, cerebellum extract alone shows no precipitation in excess of control values even when as much as 3 mg of extract protein was added. Identical results have been obtained with soluble extracts of liver or whole brain from which the olfactory bulbs were removed, indicating the MOB protein to be absent from these extracts. Since 0.1 ,g of MOB protein can be detected by this method (Fig. 6) the MOB protein in the crude extract (Fig. 6) ; thus the MOB protein represents 0.5% of the total protein content of this olfactory bulb extract. Other extracts have given results as high as 1.5%.
DISCUSSION
The central nervous system is composed of many different subdivisions composed of specific cell types, some of which are known to be uniquely localized within these subdivisions. Thus, on morphological grounds alone, one would anticipate significant differences in the genetic expression of cells found in different areas of the central nervous system. Furthermore, it has recently been reported that 10% of the nonrepetitive portion of the mammalian genome is expressed in the brain in comparison with 4% in liver and kidney (16) . Yet, there exists little information about regional or cellular specific proteins within the brain.
This study and the report of Davies (5) demonstrate that extensive heterogeneity of protein patterns does exist among various regions of the central nervous system and are consistent with selective gene expression of cells in various areas of the brain. The presence of such marker proteins could permit the study of influences on a single cell type in the midst of a heterogeneous cell mixture. Studies of hydroxyindole-Omethyl transferase, which occurs exclusively in the pineal gland (17) , and of neurophysin in the hypothalamo-neurohypophyseal complex of the hypothalamus (18) (9, 10) . The availability of the purified protein and its specific antiserum open the way to studies of its function and specific cellular origin.
